The cyclooxygenase 2 (COX-2) pathway is upregulated in many pancreatic cancer cells, and it is believed that carcinogenetic effects of COX-2 upregulation are largely through prostaglandin E2 (PGE2) overproduction. We tested this hypothesis by evaluating the association between urinary PGE2 metabolites (PGE-M), a biomarker of in vivo PGE2 overproduction, and pancreatic cancer risk. We conducted a case-control study with 722 subjects (239 cases and 483 controls) nested within two prospective cohort studies, the Shanghai Women's Health Study (SWHS) and Shanghai Men's Health Study (SMHS). Pre-diagnosis urine samples were measured for PGE-M using a liquid chromatography/tandem mass spectrometric method. Conditional logistic regression was used to estimate odds ratio (OR) and 95% confidence intervals (95%CI), with adjustment for potential confounders. Compared to those with the lowest urine level of PGE-M (the first quartile), individuals with higher urine levels of PGE-M had an increased risk of developing pancreatic cancer, with adjusted ORs (95%CI) of 1.63 (0.98-2.73), 1.55 (0.90-2.69) and 1.94 (1.07-3.51), for the second to the fourth quartile groups, respectively (p for trend 5 0.054). This doseresponse positive association was more evident among those who had BMI <25 kg/m 2 than overweight individuals (p for interaction 5 0.058). After excluding cases diagnosed in the first year of follow-up and their matched controls, this positive association persisted (p for trend 5 0.037) and the interaction became statistically significant (p for interaction 5 0.017). Our study adds additional evidence that the COX-2 pathway is involved in pancreatic carcinogenesis and suggests that urinary PGE-M may serve as a biomarker for predicting pancreatic cancer risk.
Introduction
Pancreatic cancer is one of the most lethal malignancies. Worldwide, it is the eighth leading cause of cancer death in men and the ninth leading cause of cancer death in women. 1 In the United States, pancreatic cancer ranks as the fourth leading cause of cancer death, with an overall 5-year survival rate of approximately 7.0%. 2, 3 In China, pancreatic cancer is the seventh leading cause of cancer death. 4 Over the past decade, the incidence of pancreatic cancer has been rising continuously but the survival rate remains very low. [4] [5] [6] It has been predicted that pancreatic cancer will be the second leading cause of cancer death by 2030 in the United States. 7 Cumulative evidence suggests that the cyclooxygenase 2 (COX-2) pathway may play an important role in the pathogenesis of pancreatic cancer. COX-2 is the rate-limiting enzyme of prostaglandin synthesis, and overexpression of the COX-2 gene can lead to increased prostaglandin-E2 (PGE2) production. PGE2 is a key mediator of inflammation and plays an important role in carcinogenesis. [8] [9] [10] Experimental and animal model studies have found that overproduction of PGE2 can induce epithelial cell proliferation and angiogenesis and inhibit immunosurveillance and cell apoptosis. [11] [12] [13] [14] In humans, COX-2 expression has been found to be significantly increased in pancreatic tumor tissue compared to adjacent non-tumorous tissue or normal pancreatic tissue, and increased COX-2 overexpression correlated with the prognosis of disease. [15] [16] [17] [18] [19] Several epidemiologic studies have shown that use of aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) was associated with reduced pancreatic cancer risk. [20] [21] [22] [23] [24] [25] [26] [27] The postulated protective effects of NSAIDs are thought to be mediated largely through their roles in inhibiting COX-2, and in turn reducing PGE2 production. Although multiple lines of evidence suggest a possible link between COX-2-derived PGE2 and pancreatic cancer risk, epidemiological evidence directly linking PGE2 and pancreatic cancer risk is lacking. To our knowledge, there is only one publication, based on a retrospective case-control study, which evaluated the relationship between urinary PGE2 metabolites (PGE-M) and pancreatic cancer risk, and found that levels of PGE-M in post-diagnosis urine samples taken from cases were significantly higher than in control urine samples. 28 Because cancer progression and cancer-associated treatments can substantially increase tissue inflammation, resulting in a higher level of PGE-M, results of that study need to be confirmed by prospective epidemiological studies in which the association of PGE2 with pancreatic cancer risk can be prospectively evaluated. Measurement of excreted urinary PGE-M has been accepted as the best way to quantify endogenous PGE2 production. 29, 30 We have previously shown that urinary PGE-M level is positively associated with the risk of developing colorectal adenoma and cancer, [31] [32] [33] [34] gastric cancer 35 and breast cancer. 36 The objective of our study is to examine whether urinary PGE-M levels may be associated with pancreatic cancer risk using samples and data collected in two large population-based, prospective cohort studies, the Shanghai Women's Health Study (SWHS) and Shanghai Men's Health Study (SMHS).
Material and Methods

Study population
The Shanghai Women's Health Study (SWHS) and Shanghai Men's Health Study (SMHS) are two large population-based prospective cohort studies conducted in Shanghai, China. The studies were approved by the institutional review boards of all participating institutions. Detailed descriptions of study design and methods have been published elsewhere. 37, 38 Briefly, participants were recruited from typical urban communities in Shanghai, China. ) and processed within 6 hr for longterm storage at 2708C. Each participant also filled out a biospecimen collection form at the time of sample collection, which included the date and time of sample collection, time of last meal, and day of last menstruation (for premenopausal women), as well as intake of selected foods, cigarette smoking, and use of any medications over the previous 24 hr and during the previous week. Cases for our study were selected from cohort members who were diagnosed with a primary, incident pancreatic cancer (ICD-9 codes 157) after urine collection. Included in this nested case-control study are 239 incident pancreatic cancer cases and 483 matched controls that provided a urine sample at the baseline survey. Incident pancreatic cancer cases were identified through in-person follow-up interviews and by linking to the Shanghai Cancer Registry and the Shanghai Vital Statistics Unit. Two controls were randomly selected from cohort members and individually matched to each case by age at sample collection (2 years), sex, menopausal status (for women), time of sample collection (morning or afternoon), date of sample collection (1 month), time interval since last meal (2 hr), and availability of urine and plasma sample. Controls were also free of any cancer at the time of cancer diagnosis for their corresponding case.
Urinary PGE-M measurement
Measurement of urinary PGE-M (11 alpha-hydroxy-9,15-dioxo-2,3,4,5-tetranorprostane-1,20-dioic acid) concentration using a liquid chromatography/tandem mass spectrometric method was described previously. 30 Briefly, to 0.75 ml urine was added D6-PGEM internal standard (2 ng) and acidified
What's new?
Pancreatic cancer is notoriously difficult to catch early. Prostaglandin-E2 (PGE2) sometimes heralds the onset of cancer via the COX-2 pathway. Overexpression of COX-2, and the resulting overproduction of PGE2, can promote proliferation and inhibit apoptosis. Because PGE2 metabolites can be detected in urine, researchers have looked for an association between these molecules and various cancers. They have previously found that increased PGE2 metabolites in urine is associated with increased risk of colorectal cancer, gastric cancer and breast cancer. Now, new data reveal that prostaglandin-E2 metabolites in urine can indeed signal an increased risk of pancreatic cancer.
to pH 3 with HCl; endogenous PGE-M was then converted to the O-methyloxime derivative by treatment with methoxyamine HCl. The methoximated PGE-M was extracted, applied to a C-18 Sep-Pak, and eluted with ethyl acetate. Liquid chromatography was performed on a Phenomenex Kinetex-C18 column (2.6 lm, 2.1 mm 3 50.0 mm) attached to a CTC-HTS autosampler and Shimadzu LC-10 A VP system (Kyoto, Japan). For endogenous PGE-M, m/z 395 to 336 and the analogous ion, m/z 391.2 to 341, for the deuterated internal standard, were monitored in the selected reaction monitoring (SRM) mode. Quantification of endogenous PGE-M utilized the ratio of the mass chromatogram peak areas of the m/z 336 and m/z 342 ions. The lower limit of detection of PGE-M was in the range of 40 pg, approximately 100-fold below levels in normal human urine. The coefficient of variation for samples analyzed in intra batch was 10.8%. Urinary creatinine levels were measured using a test kit from Sigma Company (St Louis, MO). Urine samples for each case-control set were analyzed in the same batch and adjacently to eliminate betweenassay variability. Laboratory staff was blinded to the case-control status of urine samples and the identity of quality control samples included in the study.
Statistical analyses
Urinary PGE-M levels in each sample were standardized using the urinary creatinine level of the sample and measured as ratios in ng/mg creatinine (ng/mg Cr). The distribution of PGE-M levels was skewed to the high values and thus logtransformation was used to improve the normality. Median and geometric means of the PGE-M levels were estimated. Case-control differences in PGE-M levels were evaluated using the t-test. Cases and controls were categorized based on the quartile distribution of PGE-M levels among controls.
Conditional logistic regression models were used to estimate odds ratios (ORs) of pancreatic cancer risk associated with urinary PGE-M levels and 95% confidence intervals (95%CI). p-Values for linear trends were estimated by modeling the log-transformed urinary PGE-M levels into the regression. All analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC). All statistical tests were based on twosided probability.
Results
Baseline characteristics of pancreatic cancer cases and their matched controls are presented in Table 1 . Due to matching, the distributions of age and sex are similar in cases and controls. The distribution on other matching variables, including date and time of urine collection, interval since last meal, menopausal status (for women) and antibiotic use in the past week, are also similar (data not shown). Compared to controls, cases were more likely to be ever smokers (29.4 vs.
23.2).
Cases and controls were comparable in educational level, family history of cancer, body mass index (BMI), regular exercise, regular alcohol consumption and NSAIDs use within 7 days before urine collection. The median time interval between urine sample collection and pancreatic cancer diagnosis was 5.8 years with a range from 2 months to 14 years (data not shown). Table 2 shows the association between baseline urinary PGE-M levels and subsequent risk of pancreatic cancer. Compared to those who had the lowest urine level of PGE-M (the first quartile as a reference), individuals with higher urine level of PGE-M (the second, third and fourth quartiles) had an increased risk for pancreatic cancer with adjusted ORs (95%CI) at 1.63 (0.98-2.73), 1.55 (0.90-2.69) and 1.94 (1.07-3.51), respectively; p for linear trend 5 0.054). To evaluate the potential effect of undiagnosed subclinical pancreatic cancer on observed association, we excluded cases diagnosed in the first year of follow-up, as well as their matched controls. The analyses showed that this association pattern persisted ( Table 2 ), suggesting that it is unlikely that the elevated baseline urinary PGE-M level among pancreatic cancer patients can be attributed to PGE-M produced by a subclinical malignancy. 
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Stratified analyses by sex showed a positive association of PGE-M levels with pancreatic cancer risk in both males and females. Compared to the lowest PGE-M quartile group, adjusted ORs (95%CI) for pancreatic cancer risk in the second to the fourth quartile groups were at 3.52 (1.18-10. However, a borderline significant interaction between PGE-M and BMI was seen for all subjects (p 5 0.058). After excluding cases diagnosed in the first year of follow-up and their matched controls, this interaction was statistically significant (p for interaction 5 0.017).
We further conducted an analysis to evaluate pancreatic cancer risk by time interval between urine collection and cancer diagnosis (Table 3) . Case subjects were grouped into two ). As shown in Table 4 , the positive association between urinary level of PGE-M and pancreatic cancer risk was more evident among individuals who had BMI <25 kg/m 
Discussion
In our study, we showed that pre-diagnosis urinary PGE-M levels were significantly associated with a subsequent risk of developing pancreatic cancer in a dose-response manner. This positive association persisted after adjusting for multiple potential confounders and after excluding cases diagnosed in the first year of follow-up as well as their matched controls. Furthermore, we found that this association with PGE-M was more evident among individuals of normal weight than those who were overweight or obese. This is the first prospective epidemiological study to demonstrate a positive association of urinary PGE-M with the development of pancreatic cancer and a potential modifying effect of body weight on this association.
The etiology of pancreatic cancer remains largely unclear, but cumulative evidence has suggested that multiple biologic pathways, including the COX-2 pathway, are involved in the development of the disease. [8] [9] [10] Both in vitro experiments and animal model studies have linked the COX-2 pathway to carcinogenesis. [11] [12] [13] [14] Overexpression of the COX-2 gene has been found in pancreatic tumor tissues and is correlated with poor prognosis of the disease. [15] [16] [17] [18] [19] Epidemiological studies have also shown an inverse association between pancreatic cancer risk and use of NSAIDs that inhibit COX-2.
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Intake of COX-2 inhibitors has been found to reduce the level of urinary PGE-M. 29 Thus, our finding of a positive association between urinary PGE-M and pancreatic cancer is consistent with the role of COX-2 overexpression and excessive prostaglandin production in pancreatic carcinogenesis. Our study provides additional evidence supporting an important role of the COX-2 pathway in the etiology of pancreatic cancer.
Our finding is also in line with a recent report from a retrospective case-control study that found urinary level of PGE-M was significantly higher among pancreatic cancer cases than in controls. 28 The potential influence of body weight on the association was not evaluated in that study. Similar to findings from our previous study on urinary PGE-M and breast cancer risk, 36 we found in our study that body weight may modify the association between urinary PGE-M and pancreatic cancer risk. The mechanism for such potential modification, however, is unclear. Obesity is a risk factor for pancreatic cancer 39 and creates a chronic inflammatory status, which has also been linked to various types of cancer. 40, 41 It has been well documented that both tumor cells and adipose tissue can produce inflammatory cytokines and 36 In addition, multiple obesity-related pathways may also be involved in and/or interact with COX-2/ PGE2 signaling. 43, 44 We speculate that the relationship between PGE-M and pancreatic cancer among overweight or obese individuals may be masked by an excessive background level of PEG 2 . This may explain the clearer dose-response association between PGE-M and pancreatic cancer we observed among normal weight individuals in our study.
Pancreatic cancer is one of the most fatal cancers. Besides the aggressive nature of this malignancy, multiple factors have been attributed to the poor outcome of the disease, including a lack of biomarkers for predicting pancreatic cancer risk. It is generally accepted that the most accurate index of endogenous eicosanoid production in humans is the measurement of excreted urinary metabolites. The measurement of excreted urinary PGE-M has been accepted as the best way to quantify systemic PGE2 production in vivo. 29, 30 Thus, the positive association found in our study for urinary PGE-M levels and pancreatic cancer risk reflects the relationship between in vivo level of COX-2 pathway activity and development of pancreatic cancer and suggests that urinary PGE-M may serve as a promising cancer biomarker to predict pancreatic cancer risk, particularly in normal weight individuals.
The most important strength of our study is our prospective study design. In contrast with the retrospective study, our study used urine samples collected before cancer diagnosis and treatment, and thus minimized potential reverse causality and avoided influence of cancer treatments. Other strengths of our study include the population-based cohort, high follow-up rates and high response rates for urine collection at baseline, which reduced the selection bias. In addition, a broad range of potential confounding factors was adjusted for during data analysis. These strengths have largely minimized potential selection and confounding biases. A number of limitations, however, should be acknowledged. First, as with most cohort studies, the SWHS and SMHS participants were not screened for cancer at baseline. Thus, there is a concern that undiagnosed, asymptomatic cancer could explain part of the association observed in the early years of follow-up. Our sensitivity analyses, however, showed that the significant association persisted after excluding cases diagnosed in the first year of follow-up. Nevertheless, we are most interested in evaluating a biomarker for predicting cancer risk, and therefore a biomarker that is capable of identifying undiagnosed, asymptomatic cancer could be highly valuable. Second, the misclassification of cases into the control group would falsely increase the mean urinary PGE-M levels and attenuate the true association. This bias is unlikely to be large because pancreatic cancer is a relatively uncommon cancer in China, and thus the possibility of undiagnosed cases in the control group is likely to be very small. In fact, based on the most recent follow-up, no controls included in the analysis were found to have any cancer diagnoses.
In summary, using data from two prospective cohort studies, we have shown that urinary level of PGE-M was positively associated with pancreatic cancer risk in a dose-response fashion. Such an association was more evident among normal weight than overweight or obese individuals. Our findings are consistent with the biological role of COX-2 and PGE2 in carcinogenesis and suggest that urinary PGE-M may serve as a promising cancer biomarker to predict pancreatic cancer risk. Further studies are warranted to verify our findings in other racial and ethnic populations.
